Background: The aim of the study was to evaluate patient reported outcome measures (PROM) before and after trapeziectomy with or without ligament reconstruction and tendon interposition for trapeziometacarpal joint arthritis with special focus on possible differences due to gender, age and surgical method. Methods: Data from the Swedish quality registry for hand surgery (HAKIR) was analyzed preoperatively, 3 months and 1 year postoperatively for 1850 patients (mean age 63 years, 79% women). Results: One year postoperatively, mean pain at rest was reduced from 50 to 12 of maximum 100. However, pain on load and weakness had not abated to the same extent (mean 30 and 34 of 100, respectively). The mean improvement in PROM did not differ between age groups or gender. The result was similar after trapeziectomy with ligament reconstruction and tendon interposition (86% of the patients) and simple trapeziectomy but few patients were operated with the latter method. Conclusion: Pain on load and weakness remains to some extent 1 year after surgery for trapeziometacarpal joint arthritis. The result is similar after trapeziectomy with or without ligament reconstruction and tendon interposition and the same improvement can be expected after surgery regardless of age and gender.
Background
The trapeziometacarpal joint (TMJ) is a common site of osteoarthritis, especially in elderly women [1, 2] . When non-operative treatment is insufficient, trapeziectomy with ligament reconstruction and tendon interposition (LRTI) still remains the dominant surgical method, although the literature has not shown any advantages compared to simple trapeziectomy [3] [4] [5] [6] [7] . The effect of surgical interventions for TMJ osteoarthritis in terms of patient reported outcome measures (PROM) has been assessed with for example the Michigan Hand Outcomes Questionnaire (MHQ) [8] , the Patient Evaluation Measure (PEM) [9] , and most commonly the Disability of the Arm, Shoulder and Hand (DASH) questionnaire [2, 10] . PROMs before and after surgery for TMJ osteoarthritis have previously not been studied in large patient materials.
The first national healthcare quality registry for hand surgery was started in Sweden in 2010 [11] . The registry is named HAKIR and includes all operations performed at the seven specialist departments of hand surgery in Sweden, as well as two private units. PROM questionnaires are issued to all operated patients before, as well as 3 and 12 months after surgery and include the Quick-DASH [12] and an eight-item questionnaire (HQ-8) with seven questions rating perceived symptoms in the operated hand (pain on load, pain on motion without load, pain at rest, stiffness, weakness, numbness and cold sensitivity) and one question about the ability to perform activities of daily living (ADL) (Additional file 1). The responses are used as single items and are not calculated into a total score. The HQ-8 uses a nine-level Likert scale in 11 point increments ranging from 0 (no problem) to 100 (worst problem imaginable) and has been shown to have good psychometric properties in a yet unpublished study by Carlsson et al. (2019) . The Quick-DASH has shown similar precision as the full length DASH in upper extremity disorders [13] .
The primary aim of this study was to evaluate what effect trapeziectomy with or without LRTI have on HQ-8 and QuickDASH scores in a large cohort of patients with TMJ osteoarthritis, with special focus on possible gender and age differences. The secondary aim was to investigate the practice of simple trapeziectomy vs. LRTI and potential differences in results in terms of HQ-8 and QuickDASH scores.
Methods
Registry data from HAKIR for all patients operated for TMJ arthritis (ICD10 code M18) from the start of the registry on February 1, 2010 to September 2, 2017 was analyzed. In total, 2980 operations were registered in 2610 patients. Only patients operated with trapeziectomy with or without LRTI were included. Hence, patients operated with other methods were excluded ( Fig. 1) . A concomitant major surgical procedure was also an exclusion criterion. However, patients undergoing minor concomitant surgeries such as trigger finger, carpal tunnel release, ganglion excision or fusion of the metacarpophalangeal joint of the thumb were not excluded from the analysis. In patients operated on bilaterally (on separate occasions), the second operation was excluded. Patients who had more than three recorded surgical interventions in the hand during the period were excluded to reduce the risk for other conditions affecting the PROM. The final study population included 1850 operations in 1850 patients operated unilaterally with trapeziectomy with or without LRTI. The type of LRTI could not be distinguished in the registered data. In HAKIR, patient questionnaires are issued either as a web-form or in a paper version that is posted to the patient. Patients who have been re-operated within 1 year, are below 16 years of age or persons that for cognitive reasons are unable to complete a questionnaire are excluded from the postoperative surveys. Response rates in HAKIR have varied from 43% in 2014 to 51% in 2017 (www.HAKIR.se). 46% (n = 852) of the 1850 patients had completed the questionnaire preoperatively, 42% (n = 774) at 3 months post-operatively and 37% (n = 683) 1 year after the operation.
The HQ-8 questionnaire items concerning pain on load, pain on motion without load, pain at rest, stiffness, weakness and ability to perform activities of daily living (ADL) as well as total score for the QuickDASH were evaluated.
PROM are presented as mean (SD) for all responses preoperatively, 3 months and 1 year postoperatively. The mean individual improvement in PROM from preoperatively to 1 year postoperatively is presented for patients with responses at both occasions. The patient material was dichotomized in two age groups at the mean age. Student's unpaired t-test (2-sided) was used for comparisons of PROM values between age groups, gender and surgical treatment. Missing data is not compensated for when all responses are presented and compared. Significance level was set at 0.05.
An analysis of non-responders regarding age, gender and type of operation was made by comparing the patients that had answered the pain on load question preoperatively but not at 1 year to those that had answered this item at both occasions. Student's unpaired t-test (2-sided) and Chi-square test were used for these comparisons.
Results
Baseline data is presented in Table 1 . The analysis on responders (337) vs. non-responders (515) showed the same distribution of gender and operation methods. The mean age of the non-responders was lower than the responders (62 vs. 64 years, p < 0.01).
The PROM responses for all patients are shown in Fig. 2 . Table 2 presents the mean PROM values, number of responses at the different times, and the mean individual change.
Patients 63 years or younger (n = 1015) reported significantly worse scores for pain (on load, on motion without load and at rest) and ADL preoperatively and significantly worse scores for all parameters except pain at rest and QuickDASH postoperatively compared to patients 64 years or older (Table 3 ). However, the differences were small and the mean individual reported improvement did not differ between the age groups. The mean scores for the majority of symptoms were significantly higher preoperatively for women (Table 4) . Postoperatively, women reported significantly higher scores concerning pain at rest, weakness, problems in ADL and QuickDASH. As for the age groups, the differences were small and the mean individual reported improvement was similar between genders. At 3 months, stiffness, ADL and QuickDASH were significantly better in the simple trapeziectomy group but the differences were small and there were no differences in mean PROM scores between simple trapeziectomy and LRTI after 1 year ( Table 5 ). The mean individual improvement according to operation type was not analyzed since there were only complete responses both (20) 25 (20) −31 (19) p = 0.09 p < 0.001 p = 0.06 p = 0.96
The mean PROM values preoperatively, 3 months and 1 year postoperatively and the mean individual change according to age groups. PROM values range from 0 (no problem) to 100 (worst problem imaginable) * The mean individual improvement in PROM from preoperatively to 1 year postoperatively is presented for patients with responses at both occasion preoperatively and after 1 year in 39 patients with simple trapeziectomy (n = 298 patients with LRTI).
Discussion
One year after surgery for TMJ joint osteoarthritis, most patients had experienced a major reduction of pain at rest from a mean score of 50 to 12 and the mean Quick-DASH score was reduced by more than half. However, patients should be informed that a complete resolution of pain on load and weakness not is to be expected 1 year after surgery (mean score 30 and 34, respectively). Younger patients and women reported slightly worse PROM both before and after surgery but the mean individual improvement in PROM did not differ between age groups or gender. Our data may be used for preoperative patient information about the expected outcome after surgery. Further, the presented data can be useful as reference values for power calculations in the design of studies comparing interventions for TMJ joint osteoarthritis and also applied as benchmark values to which the results of observational studies can be compared.
The registry data confirmed that trapeziectomy and LRTI still is the prevailing surgical method in Sweden despite reports that LRTI has shown no advantage over simple trapeziectomy but rather a higher risk for complications [2, 4, 14] . Reports from the United States [6, 15] demonstrate the same tendency that clinical practice does not follow available evidence. The mean PROM values for all patients favored simple trapeziectomy at 3 months postoperatively regarding stiffness, ADL and QuickDASH but the differences were probably too small to be relevant. Results were similar 1 year postoperatively which is in line with former studies [2, 4, 14] . We could not make a well-founded comparison of the individual improvement after simple trapeziectomy versus LTRI due to low response rates and the fact that so few of the former method was performed. Thus, we cannot make any recommendations regarding surgical method based on this study. It was not possible to distinguish different type of LRTI in the data so LRTI:s were by necessity grouped as one category which might not be optimal. However, there is no solid evidence that results differ after various LRTI [3] .
The strong point of this study is the large sample. This is valuable in analysis of subjective variables such as PROM that inherently have a large individual variance and might be affected by other factors such as depression p < 0.001 p = 0.01 p < 0.001 p = 0,99
The mean PROM values preoperatively, 3 months and 1 year postoperatively and the mean individual change according to gender. PROM values range from 0 (no problem) to 100 (worst problem imaginable) or other upper-extremity comorbidities [16, 17] . To reduce the uncertainty due to individual variance, we made paired analyses of the individual improvement in PROM. Due to low response rates and the fact that many patients did not respond at all three occasions, the samples were markedly reduced in the paired analyses and this affected in particular the comparison between surgical methods. A problem with the large sample is that small differences in PROM that might not be clinically important, may reach statistical significance. The minimum clinically important difference (MCID) for QuickDASH was determined by Franchignoni et al. [18] to16 points. MCID for HQ-8 items have not yet been described. In general, MCID tend to be 0,5 SD [19] . We found (statistically) significantly worse PROM scores in younger patients and in women both before and after surgery, but none of the differences in the HQ-8 item scores were close to 0,5 SD. QuickDASH was significantly higher in women at all times but the difference was 10 points at most. The differences could be attributable to higher functional demands in younger patients and differing ADL and life-style habits, anatomical variability or pain perception between men and women but the differences may as well represent normal variation. Since the effect of the operation (i.e. improvement of PROM) did not differ between age groups or gender, we do not interpret our results as younger patients and female having an inferior result after operation.
Registry studies enable inclusion of many more patients than randomized controlled trials (RCTs), which often compare relatively few patients treated under strictly controlled conditions. Moreover, registry studies report the "real life" situation, including all types of patients, treated at different centers and operated by many different surgeons. For many hand conditions, RCTs is almost impossible to perform due to small populations and we believe that registry studies will be increasingly important in the field of hand surgery. On the other hand, potential confounders cannot not be controlled for in registry studies which might induce e.g. selection bias regarding surgical method.
A limitation of this study is that the sample did not include re-operated patients and we have no information on complication rates. Patients who sustained postoperative complications probably would have affected the patient reported outcomes negatively. Further, 1 year is a relatively short follow-up time and the result may change with time. Yeoman et al. [20] report a mean p = 0,49 p = 0,01 p = 0,37
The mean PROM values preoperatively, 3 months and 1 year postoperatively after simple trapeziectomy versus ligament reconstruction and tendon interposition (LRTI). PROM values range from 0 (no problem) to 100 (worst problem imaginable) quick-DASH of 40 after 3,5-17 years after simple trapeziectomy which is considerably higher than in this sample (QuickDASH 26). The poor response rate is a major limitation of the HAKIR and thus of this study. The HQ-8 questionnaire is presently issued mainly by e-mail, as a web-survey. There is a risk that e-mails end up in spam filters or that patients are not motivated to respond.
One reminder to answer the questionnaire is send by a sms. There is a risk that the older population answers web-surveys to a lesser extent. However, the mean age of the non-responders was actually lower than responders. For all ages, there is a risk for survey fatigue so simple questionnaires with few questions are probably favorable for a better response rate and we believe that the HQ-8 fulfill this request. More information to patients about the registry and its purpose could be an incentive. Improved response rate is a crucial improvement needed for the HAKIR to reach its full potential to compare hand surgical interventions.
Conclusion
Good patient-reported outcomes, especially concerning pain at rest, can be expected 1 year after trapeziectomy with or without LRTI in most patients. Remaining symptoms may be pain on load and weakness. Further data needs to be collected for valid comparison between simple trapeziectomy and LRTI.
